  **Abbreviations, acronyms & symbols**   
  --------------------------------------- ------------------------
  CPB                                     Cardiopulmonary bypass
  CT                                      Computed tomography
  FET                                     Frozen elephant trunk

INTRODUCTION
============

The treatment of complex diseases of the aorta that involve the aortic arch using a hybrid procedure aims at reconstructing several segments within a single intervention. The \"Frozen Elephant Trunk\" (FET) surgical technique has been used for the treatment of complex aneurysms and chronic dissections of the thoracic aorta since 1996^\[[@B01]\]^. The prostheses used in these procedures consist of a proximal segment made of polyester (used to reconstruct the ascending aorta and aortic arch segment) distally attached to a self-expanding endovascular prosthesis (used to treat the proximal segment of the descending thoracic aorta). The main purpose of this technique is to potentially avoid a second procedure required after the classic elephant trunk technique^\[[@B02]\]^. Over time, indications for the use of the FET have extended to patients with acute aortic dissections. This surgical approach was established to expand aortic treatment as well as to favor thrombosis of the false lumen or the aneurysm, since the false lumen that remains patent (and, therefore, pressurized) is a risk factor for dilation and rupture of the aorta and subsequent need for a new surgical treatment^\[[@B03]-[@B05]\]^.

The aim of this study is to report an initial experience with the FET technique to treat complex diseases of the thoracic aorta with involvement of the aortic arch.

METHODS
=======

Between July 2009 and October 2013, 21 patients underwent surgery with the FET technique, all with the E-vita Open^®^ prosthesis (Jotec GmbH, Hechingen, Germany). Consequently, all patients underwent antegrade implantation of the endovascular prosthesis through the aortic arch.

The choice of prosthesis was due to it being the only one available in the Brazilian market. A series of previously published cases using this prosthesis have shown satisfactory perioperative and mid-term results in terms of the extent of the aneurysm, false lumen thrombosis, and aortic remodeling^\[[@B06],[@B07]\]^.

The patients who were treated had complex diseases of the thoracic aorta involving the aortic arch. A complex disease of the aorta was defined as simultaneous involvement of three or more aortic segments.

Operations performed in the distal aorta were defined as new surgical approaches involving treatment of any segment distal to the stent in order to supplement the primary treatment or because of the evolution of the disease.

Cardiopulmonary bypass was maintained with arterial cannulation of the right subclavian artery in 5 patients and innominate \# 16 patients. Venous drainage was performed with double-stage cannula through the right atrium.

Brain protection was performed by antegrade cerebral perfusion by both carotid arteries, with monitoring of the right upper limb perfusion pressure (invasive blood pressure in the right radial artery), associated with moderate hypothermia (25ºC), hypothermia with ice and sodium thiopental (spinal cord protection exclusively by 25ºC hypothermia associated with systemic circulatory arrest).

The reconstruction of the supra-aortic vessels was made from reimplantation in island anastomosed to the polyester tube for all cases.

All operations were performed in conventional operating room, without use of scopes or guidewire. The introduction of the prosthesis was performed through direct identification of the true light for patients with aortic dissection.

The FET technique was used in type A acute or chronic dissections with inlet port located in the distal aortic arch or descending thoracic aorta, and patients with these aorta segments greater than than four centimeters.

During the study period, all patients with involvement of the ascending aorta, aortic arch and proximal descending aorta underwent this technique.

There were 21 patients, 66% male, with a mean age of 56±11 years (ranging from 27 to 70 years-old).

Out of the 21 patients, 67% had Stanford type A aortic dissections (10% acute and 57% chronic), 14% had Stanford type B chronic aortic dissections, and 19% had complex aneurysms.

In 9.5% of the patients, there was a reoperation (all had previous surgery in the aortic root and ascending aorta), and 38% required associated procedures (50% underwent aortic root reconstruction with composite-graft valve replacement, 25% underwent aortic valve replacement, and 25% underwent myocardial revascularization).

In addition, 28% were urgency or emergency surgeries, 10% of which were Stanford type A acute dissections.

Radiological assessment was carried out taking into consideration preoperative angiotomographies of the aorta and comparing it to the last postoperative exam ([Figures 1A](#f01){ref-type="fig"} and [1B](#f02){ref-type="fig"}).

![Tridimensional reconstruction of angiotomography of the aorta: preoperative.](rbccv-30-02-0205-g01){#f01}

![Tridimensional reconstruction of angiotomography of the aorta: postoperative.](rbccv-30-02-0205-g02){#f02}

Patient data were retrospectively analyzed from a database prospectively built. Full clinical follow-up was done up to November 30, 2013. Follow-up was performed at the institution\'s outpatient facility or via telephone.

This study was approved by the Research Ethics Committee of the institution (No. 837) for specific database creation of the aforementioned patients and the consent form is not required by the retrospective feature of the research.

RESULTS
=======

Hospital mortality was 14.2%. According to etiology, mortality rates for Stanford type A acute dissections, Stanford type A chronic dissections, and Stanford type B chronic dissections were 50%, 8.3%, and 33.3%, respectively. There was no mortality in patients with complex thoracic aortic aneurysms.

Mean CPB time was 152 min±24 min, mean myocardial ischemia time was 115 min±31 min, and mean time of selective cerebral perfusion at 25ºC was 60 min±15 min.

The main complications observed were reoperation due to bleeding in three patients, stroke in one patient, paraplegia in two patients, prolonged intubation (longer than 72 hours) in one patient, and acute renal failure requiring dialysis in one patient.

Four patients (19%) required a second surgical time for intervention in the descending thoracic aorta. Most of them (three patients) underwent implantation of vascular endoprosthesis in the segment distal to the one first treated during the same hospital stay whereas one patient, while recovering from the first stage and awaiting thoracoabdominal reconstruction, was admitted to another facility four months after hospital discharge and underwent open surgery, leading to death.

Angiotomographies for postoperative control of patients diagnosed with dissection showed false lumen thrombosis in 80% of the aortic segments with vascular endoprosthesis and in 60% of the aortic segments without endoprosthesis. All of the patients with aneurysm had thrombosis around the stent.

DISCUSSION
==========

The use of a hybrid approach to complex diseases of the thoracic aorta allows for the treatment of long segments of the aorta in a single stage.

Some authors have questioned the possibility of treating complex aortic diseases in a single stage through median sternotomy using the FET technique^\[[@B12]\]^, giving preference to other approaches, such as bithoracotomy^\[[@B13],[@B14]\]^. However, the FET technique has shown fewer pulmonary complications as well as similar survival rates in 5-year follow-ups^\[[@B11],[@B14]\]^.

Shimamura et al.^\[[@B08]\]^ and Uchida et al.^\[[@B09]\]^ demonstrated survival free from reintervention in the distal segment of the aorta of 75% and 92%, respectively, in up to 10 years of follow-up, and with mortality ranging from 46% to 25%.

The first mid-term results obtained with the use of the E-vita Open^®^ prosthesis showed 5-year survival rates of 79%, where 96% of the patients were free from thoracoabdominal aorta open reintervention and 84% were free from additional endovascular treatments^\[[@B10]\]^.

Our experience has shown that, in less than a 3-year follow-up period, there was 20% of reinterventions, all of them as a consequence of the inability to fully approach the disease of the aorta through the FET procedure. None of the reinterventions was due to progression of the initial disease or to the appearance of a new disease in the distal segment of the aorta.

The percentage of reoperations, the high number of associated procedures required as well as procedures characterized as urgency or emergency attest the high surgical complexity and high surgical risk of patients included in this study.

This study states the initial experience of the Heart Institute of the University of São Paulo Medical School with this operation. Follow-up time is still short (average of 28 months, ranging from 1 to 54 months), with hospital mortality compatible with that reported in the international literature^\[[@B11]\]^.

In the last 10 years, the use of the FET technique has spread to include the treatment of acute aortic dissections and mega-aorta syndrome. As a result, the need for second-stage surgery is real, since the approach of the aorta has to be extended distally to the segment associated with the stent. Thus, the FET stent facilitates the second stage of surgery while complementing the treatment, in cases of open thorax or endovascular operations, and providing a better region for new endoprosthesis anchoring, especially when compared to the classic elephant trunk technique or with the diseased native aorta initially untreated^\[[@B11],[@B15],[@B16]\]^.

Likewise, in patients with chronic aortic dissection, a second stage is likely to be required since the possibility of excluding false lumen is lower. In this disease, the delaminated membrane is thicker than in acute dissections and true lumen is lower, which increases the risk of leakage and progression of aneurysmatic dilation. Consequently, a large number of publications have shown high percentage of false lumen thrombosis around the endoprosthesis, but inferior outcomes in the distal segments of the aorta without stent and no improvement throughout follow-up^\[[@B09],[@B17],[@B10]\]^. Therefore, we believe that the need for second stage surgery is not related to the failure of the prosthesis used in the FET, but rather to the characteristics of the primary disease.

Some authors have shown that the prevalence of aortic reinterventions distally to the original surgery is higher in patients with chronic aortic dissection when compared to patients with acute dissection^\[[@B11]\]^. Conversely, in acute dissections, the FET technique prevented late dilation of the proximal segment of the descending aorta, stabilized the dissected membrane, and promoted true lumen expansion, even in segments distal to the stent^\[[@B11]\]^. As a result, knowing that in these patients the distal portion of the dissected aorta tends to dilate over time when only a conduit interposition in the ascending aorta is performed, especially the proximal segment of the descending aorta^\[[@B03]-[@B05]\]^, the FET technique has become the technique of choice for the treatment of Stanford type A acute dissections in some centers^\[[@B11]\]^. This technique has been used even in patients with connective tissue diseases^\[[@B18]\]^.

Lastly, when compared to other series of cases^\[[@B19],[@B20]\]^, the prevalence of spinal injury in this study was equal or lower to what has been reported in the international literature and it was present only in the first cases, in particular, when systemic circulatory arrest time was longer due to initial difficulties to perform the procedure.

Limitations of the study
------------------------

Main limitations of the study are the reduced number of patients and short, though complete, follow-up period.

CONCLUSION
==========

The FET technique has been shown to be an option in the surgical treatment of complex diseases of the thoracic aorta. High mortality is warranted in view of the severity of primary diseases and the complexity of the patients.

The learning curve is a reality in these operations.

This technique can treat complex diseases of the thoracic aorta in a single stage. When required, FET simplifies reintervention in the distal segments, providing a more appropriate region both for surgical manipulation and for new endoprosthesis anchoring.
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